1. Advanced Photon Source, Argonne National Laboratory, Lemont, Il 60439 USA email: vondreele@anl.gov One of the goals in developing GSAS-II was to expand from the capabilities of the original General Structure Analysis System (GSAS) which largely encompassed just structure refinement and post refinement analysis. GSAS-II has been written almost entirely in Python loaded with graphics, GUI and mathematical packages (matplotlib, pyOpenGL, wx, numpy and scipy). Thus, GSAS-II has a fully developed modern GUI as well as extensive graphical display of data and results. However, the structure and operation of Python has required new approaches to many of the algorithms used in crystal structure analysis. The extensions beyond GSAS include image calibration/integration as well as peak fitting and unit cell indexing for powder data which are precursors for structure solution. Structure solution within GSAS-II begins with either Pawley extracted structure factors from powder data or those measured in a single crystal experiment. Both charge flipping and Monte Carlo-Simulated Annealing techniques are available; the former can be applied to (3+1) incommensurate structures as well as conventional 3D structures. This talk will highlight the features of GSAS-II with particular focus on the structure solution facilities. Time-resolved Serial Femtosecond Crystallography (SFX) provides a novel concept for structure determination, where X-ray diffraction "snapshots" are collected from a fully hydrated stream of nanocrystals at room temperature, using femtosecond pulses from the world's first high energy X-ray free-electron laser, the Linac Coherent Light Source before the crystals are destroyed by the X-rays. The first proof of concept of serial femtosecond crystallography was achieved using Photosystem I, a larger membrane protein complex involved in Photosynthesis as a model system [1], [2] . In the time resolved SFX studies, the nano/microcrystals of Photosystem II [3] are fully active in water splitting and are cycled through the S-states by laser excitation "on the fly". Conformational changes of the Mn 4 Ca cluster and its protein environment were observed for the first time in the transition from the dark to the double excited state [4] , however the resolution was limited to 5A resolution. Very recently we have achieved a breakthrough, which cuts the "Gordian Knott" that will lead to a paradigm shift in X-ray crystallography. We have been able to show that "single molecule" continuous X-ray diffraction can be obtained by SFX from Photosystem II mircocrystals with minimal displacements of the PSII molecules by 0.8 Å, which is less than the bond length between two C atoms. These molecular continuous diffraction patterns were directly phased and the structure determined to a resolution way beyond the Bragg peaks [5] . The talk will also report on the development of compact femto and attosecond X-ray Sources at DESY (AXSIS) and at ASU (CXLS and CXFEL) , which will provide unique new opportunities to study the ultrafast dynamics of reactions in photosynthesis with a combination of X-ray diffraction, X-ray spectroscopy and ultrafast optical
